ABSTRACT An experiment was conducted that examined the effect of day-to-day variability of dietary energy on feed intake behavior. Three levels of average daily dietary ME composition (2,580, 2,814, and 3,009 kcal/kg) and three levels of day-to-day variability of ME (low, medium, and high) were assigned to nine groups of DeKalb-XL laying hens in a 3 x 3 factorial design. Each of the nine treatments contained 35 individually caged birds. Daily measurements of feed intake, egg
INTRODUCTION
Quality control is challenging in livestock production due to tremendous variability of production factors. Even though each batch of feed is formulated to provide desired nutrient content, there is always uncertainty as to the true nutrient content among feed batches. Changes in ingredient suppliers, imperfect mixing, and settling along the feeder are potential sources of nutrient variability. Duncan (1986) has demonstrated that dietary nutrient inconsistency can cause poor animal performance, even though mean nutrient levels may meet requirements.
It is important to be able to predict and control nutrient intake in livestock production. A flock of 100,000 laying hens consuming 10% more feed than expected could be wasting 1 metric ton of feed/d. The livestock producer requires estimates of feed intake to formulate a diet. Estimates of average feed intake can be obtained with load cells, scales, or auger monitors, but these measurements have limited precision. D'Alfonso (1994) investigated sources of nutrient intake variability within flocks of laying hens and over time. Temperature uniformity within the production building and variability of dietary energy contribute to nutrient intake variability. The research presented herein production, and egg mass were taken for each bird in this 56-d experiment. Pre-and postexperiment body weights were taken at 23 and 31 wk of age. Increasing levels of day-to-day variance of ME were associated with increased feed consumption for each mean level of ME (P < 0.01) and increased variability of day-to-day feed intake for the 2,580 kcal/kg mean level (P < 0.01). No significant differences (P < 0.01) in egg production, egg mass, or body weight were observed.
1996 Poultry Science 75:362-369 is one phase of a total effort to improve quality control of nutritional and environmental factors in laying hen production.
Feed intake of laying hens is known to be a function of dietary energy, ambient temperature, and the metabolic status of the bird. Peguri and Coon (1991) where IM = average daily energy intake (calories per bird per day); W = average bird body mass (kilograms); T = average daily temperature (degrees Celsius); E = average egg mass (grams); HD = hen-day egg production (percentage); dW/dt = growth rate (grams per bird per day). Steady-state prediction models do not effectively explain the sources of daily variability of feed intake; however, residual feed intake, that for which prediction models do not account, has considerable economic consequences. Large feed intake variability necessitates greater safety factors in formulating diets because the birds with the greatest nutritional needs or the least average feed intake govern feed formulation. Geneticists have recently targeted feed intake consistency as a characteristic to be selectively bred (e.g., Sabri et ah, 1991) . Residual feed intake was slightly reduced by selective breeding, but environmental factors, including nutrition and behavior, are the greatest sources of feed intake variability.
{Key words: layer, feed intake, metabolizable energy, variance) defined as the day-to-day standard deviation of the expected energy content, as an undetermined amount of within-batch variability is also present.
Poultry are homeotherms and tend to consume feed to meet energy needs. Energy is needed for all metabolic functions, including growth, egg production, and thermal regulation. As implied by Equation [1] , increases in dietary energy concentration tend to cause decreases in feed consumption. However, Cherry (1979) observed that feed intake changes due to changes in dietary energy may take over a week. Feed intake may even increase at first when dietary energy increases. Metabolizable energy estimates can be derived from calorimetric measurements of feed and feces (Sibbald, 1986) ; however, ME is the most variable nutrient in a poultry diet (Titus and Fritz, 1971) . Little is known about the effect of ME variation on feed intake. The objective of this study was to investigate the effects of day-to-day variance of dietary energy on laying hen feed intake behavior, egg production, and body weight.
MATERIALS AND METHODS

Factor Levels
The nine treatment levels, a 3 x 3 factorial design, remained constant over time for a given bird. Mean ME mean levels are within ± 220 kcal/kg of the NRC (1984) recommended level of 2,800 kcal/kg. Peguri and Coon (1991) reported significant feed intake differences within this range of energy. Factor levels and treatment assignments are presented in Table 1 . Metabolizable energy composition of the diets were estimated by a TME assay (Sibbald, 1986) on the ingredients.
The ME variation was controlled in the following manner. A different batch of feed was provided to each treatment group daily. A base ration was formulated to meet the target mean ME of either 2,580, 2,814, or 3,009 kcal/kg and containing a high energy mixture of vegetable oil and solka floe (an inert ingredient). A premix of the base ration was mixed with the specified amount of every ingredient except the high energy mixture. The premix was then divided into seven batches. Each batch of premix received the same specified amount of high energy mixture, but with different proportions of vegetable oil and solka floe. Knowing the proportion of vegetable oil and solka floe in each batch allowed ME to be calculated for each batch. Ratios of vegetable oil to solka floe and predicted ME levels are summarized in Tables 2 to 4 for each ME level. The sampling distributions of the seven batches are presented in Figure 1 for each mean dietary ME level. The duration of the experiment was 56 d, starting with birds at 23 wk of age. A random ordering of each sampling distribution was generated to produce feeding schedules for each treatment. These feeding schedules simulate a new batch of feed made available to the flock each day. A schedule of daily feed batch ME levels is presented in Figures 2 to 4 for the low, medium, and high variance factor levels for each mean dietary ME factor level level.
Feed Characteristics
Feed ingredients included coarsely ground corn, soybean meal, wheat middlings, barley oil, ground Predicted ME level Dietary Energy (kcal/kg) FIGURE 1. Sampling distribution for diets with mean ME levels of 2,580, 2,814, or 3,009 kcal/kg and low, medium, or high day-to-day variance.
limestone, L-lysine, and DL-methionine. Published values (NRC, 1984) of ME content of feed ingredients were used for ration formulation. Protein and estimated amino acid content were balanced in each ration to meet daily intake requirements. Proportions of ingredients in the ration, including the high energy mixture, are listed in Table 5 .
Laying Hen Management and Housing
Pullets were raised on litter to 23 wk of age, when the experiment started, at the Poultry Research Farm of The Pennsylvania State University. Hens were then legbanded and randomly placed into cages, with each of the nine experimental treatments consisting of 36 cages. Each of the production rooms contained 12 of the 36 replicates for each treatment (i.e., 108 cages). Additional cages were randomly assigned to extra birds to account for mortality during the experiment. Ambient temperature was controlled by thermostatically activated ventilation fans set at 27 C; however, the absence of cooling resulted in periods of time with environmental temperature in excess of 27 C (ambient temperature reached approximately 30 C on 6 d when outside temperatures exceeded 32 C). Hourly temperature distribution was measured with 16 thermocouples per room.
Data Collection
Feed intake was measured daily for each bird. Plastic 1.89-L (0.5-gal) containers, one per bird, were placed in the feed troughs and fastened. Approximately 160 g of feed were placed in the containers each day. Feed was available for ad libitum intake. At the end of each 24-h period, feed remaining in the plastic containers was weighed and discarded. Temperature data were recorded using a datalogger, a thermocouple multiplexer amplifier, allowing for 48 inputs to be registered hourly. Eggs were collected from each bird and weighed on 47 of the 56 experiment d (due to personnel constraints and handling mishaps, eggs were collected but not weighed on 9 d of the experiment). Body weights were taken at the beginning and the end of the 56-d trial. Table 6 is the analysis of variance of feed intake with respect to dietary ME mean level, the level of day-to-day variability, and the interaction. Both factors, ME mean level, and ME variance level, and the interaction had relationships that were statistically highly significant (P < 0.01). Table 7 contains summary statistics for average daily feed and energy intakes. Tables 8 and 9 contain summary statistics for egg production and body weights, respectively. Egg mass production is defined as hen day production times average egg mass for each bird. Average hen day production for each bird is defined as the number of eggs collected per bird divided by the number of days eggs were sampled (47 d). Mean changes in body weight were positive but, as the standard deviations imply, decreases in body weight occurred for many birds in each treatment. Wide variations in body weight change are not unexpected for mature laying hens (Titus, 1971) . Feed conversion is the amount of feed consumed per dozen eggs produced for the entire flock over the duration of the experiment. These data are presented in Table 10 and are within the range of current industry performance (1.4 to 1.6 kg feed per dozen eggs).
RESULTS
-Low Variance -Medium Variance • High Variance i i' i i i i i i i i i i i i i i II i i i i i i i i i i i i i i i i i i i i i i i i i i
Average daily feed intake is expected to decrease as dietary ME content increases. For the three low variability treatment levels, this trend is evident. Low variance treatments had the lowest average feed intakes (P < 0.01) for each ME level ( Figure 5 ). When daily ME content of the diet was considered, average ME intake could be calculated. As ME level of the diet increased, so did average daily ME intake. Low variability treatment levels had the lowest (P < 0.01) average ME intake, except when the ME factor level was 2,814 kcal/kg. The treatment with ME = 2,580 kcal/kg and high variance had the highest (P < 0.01) feed and energy intake variance (Table 7) among all nine treatments. The treatment with ME = 3,009 kcal/kg and high variance had the second highest (P < 0.10) energy intake variance.
There were no differences (P < 0.10) in any of the egg production data (Table 8) , including numbers of eggs laid, average egg mass, and average egg mass produc- A_F Values with no common superscript differ significantly (P < 0.01); least significant difference = 1.58 g and 4.4 cal.
•Significant difference in variance within ME factor levels; P < 0.10.
••Significant difference in variance within ME factor levels; P < 0.01. ! Egg mass production is defined as the hen-day production times the egg mass.
tion. There were also no differences (P < 0.10) in final body weights or changes in body weights (Table 9 ). Feed conversion data did not demonstrate a pattern with respect to increasing ME variance, but the highest (i.e v the worst) feed conversion (1.538 kg per dozen eggs) occurred with a high variance level and low dietary ME (2,580 kcal/kg). The high energy treatments (mean ME = 3,009 kcal/kg) tended to have better feed conversion during the 8-wk experiment. Average daily temperature was measured in each of the three experimental rooms. Average daily temperature had a small negative correlation (-0.073) with feed intake.
Body weight change during the experiment was determined for each bird and daily body weight was estimated by fitting a line to the pre-and postexperiment values. Feed intake and body weight were positively correlated (r = 0.257).
DISCUSSION
The objective of this study was to observe and quantify the effect of dietary energy variability on feed intake and egg production. Covariates included average daily temperature and bird body weight. The small negative correlation between average daily temperature and feed intake was expected. As temperature rises, feed intake is expected to decrease. However, there were only 6 d during the experiment with average daily temperatures greater than the target temperature of 27 C. Body weight is expected to be positively correlated with feed intake. Metabolic body weight (WO-75) is frequently considered to be a more accurate predictor of feed intake than body weight alone; however, the correlation coefficient between metabolic body weight and feed intake was also only r = 0.257.
As implied in Equation [1] , feed intake is a function of body weight, ambient temperature, egg production, and
2,814
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FIGURE 5. Average feed intake (grams per bird per day) for three levels of day-to-day variance of dietary ME and three levels of mean dietary dietary ME. Such prediction equations are derived by controlling levels of temperature and dietary energy, and measuring body weights and egg production. Temperature and ME can be considered as energy inputs to the hen's system of homeostasis. Little is known about the time it takes avian species to balance energy intake or about the physiological responses associated with patterns of temperature (such as constant vs diurnal) and variance of dietary energy. Future research should examine the rate of change of feed intake when dietary energy level and average daily temperature change as they would in a commercial laying hen production facility. Analysis of variance indicated that dietary ME mean, variance, and the interaction of mean and variance levels had a significant effect on average daily feed intake. The significant interaction effect has no obvious explanation. The most surprising results were in the energy intake data. Even among the low variability treatments, energy intake increased as ME level in the diet increased. These results also suggest that variability of ME composition is associated with increases in feed intake without subsequent increases in egg production or egg mass. Body fat compositions were not measured, but the absence of significant differences in body weight changes suggest that excess energy intake may have gone to sensible heat production or a nonproductive process. These results suggest that average daily feed intake is a function of the variance of energy inputs as well as the mean values.
The highest variability of feed and energy intake (Table 7) occurred with a high variability treatment level and low dietary energy (ME = 2,580 kcal/kg). The second highest energy intake variance occurred with a high variability treatment level and high dietary energy (ME = 3,009 kcal/kg). Daily variation of ME content of the diet could cause an increase in feed intake variability. When nutrient intake is highly variable, there exists an increased probability of nutrient deficiency for several consecutive days. This could cause poor performance, as was suggested by Duncan (1986) . These birds were at peak production during the experiment, and energy was needed for egg mass output. Perhaps the increase in feed intake associated with high ME variance diets was the result of the bird's inability to balance energy intake or some compensatory response to periods of energy deficiency.
Summary and Conclusions
This experiment was designed to study the effects of dietary ME variance on feed intake, egg production, and body weight of mature laying hens. For all three ME levels tested, birds in the low ME variability group had the lowest cumulative feed intake (P < 0.01). No significant differences (P < 0.10) in egg production, egg mass, or body weight change were observed. These results suggest that increased ME variability increases feed intake and energy intake without a subsequent increase in egg production.
The potential effects of dietary ME variance have been demonstrated. In order to reduce variance of dietary ME several steps should be taken. Feed should be well-mixed and measures taken to reduce within-batch variability due to imperfect mixing, separation, and selectivity by the birds. Accurate analyses of ME content of feed ingredients should be obtained.
The specific conclusions of this study were: 1) Day-today variance of ME was directly associated with a significant increase in average daily feed intake in each of three mean ME treatment levels. 2) Day-to-day variance of ME was directly associated with a significant increase in day-to-day variance of feed intake for the mean ME treatment level of 2,580 kcal/kg. 3) Day-to-day variance of ME was not associated with any significant differences in egg production, egg mass, or body weight changes.
